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Construction. 
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With equal propriety, this paper might have been entitled "An 
Experiment in Socialism." Socialism proposes to take private 
property and private industries, with or without the consent of the 
owners (by right of eminent domain, if necessary), and private 
services, and to administer this property and these services for the 
benefit of the public. It thus proposes to crush out private initia- 
tive, to create an army of public mercenaries, and to interfere, iu 
a thousand ways, with our personal liberties ; and all this in order 
that it may "abolish poverty,', a suggestion which arouses our ire 
or our mirth., according to our temperament. 
In our public water supply, all these threats have been carried 
into execution. Private property and services have been taken 
for the public benefit; the private enterprise of the water peddler 
has been crushed out; the Water Bureau has a thousand or two 
of employees, paid out of the city treasury, and it is the duty oi 
some of these employees to enter our dwellings and places of busi- 
ness, with or without our consent, to pry into the character of 
fixtures installed at our own expense, and, if these do not meet 
their approval, to compel us to replace them with others. Health 
officers are even presuming to dictate to individuals, in what loca- 
tions they may not use their old-fashioned pumps, and, to manu- 
facturers, what portions of their offal they may not throw into the 
streams which flow past their doors. 
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And, worst of all, poverty has been abolished, in so far as q 
water supply can reach. The man of to-day, who rents a mod- 
ern house ~tt $12 per month, is infinitely rich, as to water supply, 
compared with the merchant princes of Philadelphia in 18oo. If 
socialists are permitted to proceed, as they have done since the 
dawn of civilization, and notably within the last century, the race 
of paupers will one day be extinct, and our comfortable bourgeois 
citizen~ will be left without objects upon which to exercise their 
benevolence. 
SOURCES OF  SUPPLY .  
The public water supply of Philadelphia has always been taken, 
it is still taken, and it bids fair always to be taken, from either the 
Schuylkill River alone, or from the Schuylkill and Delaware 
Rivers. 
The Delaware water shed, above Philadelphia, has an area of 
some 8000 square miles, and is about 18o miles long, from north 
to south, and from 20 to 7 ° miles wide, from east to west. The 
river rises in the southeastern portion of the State of New York; 
and, for the greater part of its course, forms the boundary be- 
tween Pennsylvania nd New Jersey. Tide reaches to Trenton, 
some thirty, miles above Philadelphia. 
The Schuylkill rises in the anthracite coal regions, near Potts-- 
ville, some ninety miles above Philadelphia, by its own windings; 
and, before reaching Philadelphia, crosses a limestone belt, in the 
vicinity of Reading, and the broad belt of "new red shale," be- 
tween Reading and Norristown. Its course lies mostly in ricl" 
agricultural country, and passes the large and prosperous manu- 
facturing towns of Pottsville, Reading, Pottstown, Royer's Ford 
and Spring City, Phoenixville, Norristown and Manayunk, the 
last named within the Philadelphia city limits. Fairmount dam 
is now the upper limit of tidal flow ; but, before the construction of 
the dam, the tide backed up to Falls of Schuylkill, where a rapids 
(afterward rowned out by the building of the dam) gave tN: 
place its name. 
The anthracite coal mines are indeed socialistically operated, 
in that the labors of marly men are c6operatively employed for 
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the supply of coal to the public; but, thus far, the control 
of these mines has been suffered to remain in the hands of 
divinely appointed and profit-seeking uardians,* who rule 
over the divinely-appointed miners, and who conduct the 
business primarily with a view to profit, and, secondarily, with a 
view of keeping within the law without unreasonably scaling down 
said profits. The consequence is that enormous quantities of 
acid mine water and of fine coal dust are washed into the streams 
which feed the Schuylkill. 
So far as the mine water alone is concerned, the individualistic 
activities of the guardians result rather beneficially to the Phila- 
delphia water supply ; for, in flowing over the limestone belt, near 
Reading, and receiving the calcareous waters of the Tulpehocken 
and other streams traversing that belt, the river water becomes 
impregnated with lime, which doubtless would make the water 
extremely "hard," were it not that, in great part, this lime is neu- 
tralized by the sulphuric acid, which combines with it, forming 
lime sulphate, which, in turn, is precipitated to the bed of the 
stream, so that the water, when it reaches the city, is not too 
hard for domestic and boiler use, although still greatly inferior, in 
the matter of softness, to the Delaware water. 
Above the limestone belt, the water, still carrying much free 
acid, is of a blackish color, when seen in mass, and foamless when 
agitated, as in flowing through the lock-gates of the Schuylkil! 
Navigation. But, in its passage over the limestone belt near 
Reading, and owing, no doubt, to the action between the acid 
and the lime, the water assumes a remarkable and beautiful blue 
color (which persists for some little distance below Reading), and 
develops much white foam when agitated. 
As to the coal dust, however, the individualistic activities of the 
guardians are less distinctly beneficial to the Philadelphia water 
supply. We are only now awakening to the necessity of social- 
istic forest-protection ; and, while we slumbered, individual enter- 
prise (which is at the basis of all our prosperity) destroyed the 
forests ; so that, now, the rain, falling upon the ground, instead of 
being retained and paid out gradually, rushes at once into the 
streams, causing disastrous floods. These bring to us, first, the 
*A prominent  official of one of the great coal-mining combinations re- 
cently referred to those of his class as "divinely appointed guardians" of 
the common wealth in coal lands. 
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red-shale mud* from the lower reaches of the river, and, a day or 
two later, the coal dust, accumulated in the upper navigation 
dams; so that, frequently, a glass of water, drawn from the city 
faucet, looks like a glass of ink. 
The socialist citv ha~ taken the matter into the socialist courts. 
praying for injunctions against he individualist guardians; and 
seeking to restrain them from polluting the streams by coal dust; 
and, as these suits were brought many years ago, it is not impos- 
sible that some little good may have resulted. 
It is only very recently, too, that socialism has presumed to 
restrain individual iberty in the matter of throwing chemical re- 
fuse, and house and farm sewage, into streams furnishing water 
supply; a~ld, as a consequence, the Philadelphia water, prior to 
the installation of filtration plants, was unfit for domestic on- 
sumption, and the typhoid rate was entirely too high. 
Each of the two rivers has its own peculiarities in the matter of 
pollution. In the Schuylkill, a relatively small stream, flowing 
through a densely populated region, with many large manufac- 
turing establishments, the water reaches the city limits highly 
polluted ; but it is in great measure prote.cted, by Fairmount Park, 
by intercepting sewers, and by Fairmount dam, from the 
city's own sewage. From those portions of the city above the 
dam, which drain into the Schuylkill, the sewage is carried, by in- 
tercepting sewers, into .the river below the dam; and one 6f the 
principal arguments for the establishment of Fairmount Park was 
the protection which it would afford to the water supply, by pre- 
venting the discharge of manufacturing sewage into the stream 
by individual enterprise. 
In the Delaware, on the other hand, a much larger stream, 
flowing through a district much less densely settled, the water, 
although passing through vicissitudes of much the same kind 
as the Schuylkill, reaches the city in better condition, as regards 
both softness and purity; but, on the other hand, it has no ~rofec- 
tion, by park or by dam, from the city's own sewage, or so much 
of it as falls into the Delaware,Plot  this is carried up-stream by 
every flood tide. 
*Those in charge of the filtration plants tell us that the particles of the 
red-shale mud, brought down by the river, are not only very much finer 
than the finest coal dust, and therefore much more difficult to manage on 
the filters, but also finer even than the bacteria thecnselves. 
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The Lehigh, an affluent of the Delaware, rises, like the 
Schuylkill, in the anthracite coal regions, and it and the Delaware 
traverse the limestone and red-shale beds traversed by the Schuyl- 
kill. 
Prior to the recent changes, about 9 ° per cent. of the entire sup- 
ply was taken from the smaller stream, the Schuylkill ; very prob- 
ably because that happened to be the stream first drawn upon. 
On the Schuylkill, the Fairmount, Spring Garden, Belmont 
and Queen Lane stations draw from the Fairmount pool, formed 
by the City's dam at Fairmount; and the Roxborough station 
draws from the Flat Rock pool, formed by the Schuylkill Naviga- 
tion Company's dam at Flat Rock. The Schuylkill supply is 
thus dependent upon the integrity of these: two dams, except hat 
the Roxborough works are provided with special punaps for sup- 
plying the main pumps with water from the river at loav stage, in 
case of failure of the Flat Rock dam, several such failures having 
rendered its integrity questionable. 
On the Schuylkill, the City finds itself in conflict with the Navi- 
gation Company, which claims the right to prevent he City from 
drawing down the levels of the pools below a certain minimum, 
considered by it as necessary for its purposes. 
On the Schuylkill, also, the City is, to some extent, at the 
mercy of the Navigation Company, by reason of the Company's 
control of its numerous dams, upon the river and its tributaries, 
above Fairmount. It is only fair to the Company to remark that its 
justice has been tempered with mercy, that it has frequently come 
to the relief of the City by letting down some of its stored water, 
and that it has even offered to bestow its valuable privileges upon 
the City--for a consideration. Questioned, by a Council's com- 
mittee, as to the advisability of accepting this offer, I replied that 
the offer might be worth considering, if disencumbered from the 
consideration, but not otherwise, inasmuch as the minimum flow of 
the river was ample for all the City's needs and luxuries--barring 
only the luxury of waste. 
METHOD OF SUPPLY, 
Necessarily the supply has always been by pumpage from the 
rivers, these of course lying lower than the city itself. 
At Fairmount, the oldest existing pumping station, the pump- 
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age is done by water power, derived from the river itself by 
means of the Fairmount dam and the seven turbines. The 
quantity required, to force one gallon into the Fairmount and 
Corinthian reservoirs, has been differently estimated at from 
fifteen to thirty gallons, the quantity, required for power, depend- 
ing, of course, upon the relative heights of the water up-stream 
and down-stream, which, in turn, depend chiefly upon the stage 
of the tide, and, to a less extent, upon the up-stream level. 
Owing to the claims of the Schuylkill Navigation Com- 
pany, the Fairmount works (which are of relatively small ca- 
pacity) have been increasingly idle, especially during the 
low water of summer, and it is now proposed that they 
shall be abandoned as a working factor in the supply; but it is 
much to be hoped that they will be retained as an object of pictur- 
esque and historic interest. Few if any large cities in the world 
have, so near their centers, so beautiful a spot as the Fairmount 
hill and water-works. During the Revolution, the hill was occu- 
pied by a British redoubt, one of a series of such structures, which 
extended from the Delaware, near what is now Fairmount Ave- 
nue, to the Schuylkill at Fairmount, north of the then limits of the 
city. The series was completed by a redoubt at 22d and Chestnut 
Streets, the site of which was afterwards occupied by one of the 
two pumping stations of the city's first water works, built by 
Benjamin H. Latrobe and Nicholas I. Roosevelt (brother to the 
President's grandfather) in 1799-18Ol. 
With the exception of Fairmount, the pumpage is all done by 
steam power. 
Normally, the pumpage has always been to elevated reservoirs, 
from which the water flowed, by gravity, into the distribution. 
Even the first works had one and sometimes two wooden tanks 
in the dome of the tiny station at Center Square. Later, begin- 
ning with Fairmount, earthen reservMrs were constructed on 
more or less elevated sites. The largest of the reservoirs is th.at 
at East Park, with three basins, then that at Queen Lane and that 
at Roxborough, each with two basins. These are the three large 
reservoirs. The others are much smaller and are now of but 
little consequence. 
Owing, however, to a cause which will be mentioned later, it 
has often been found impossible, by means of the pumps, to keep 
up the supplies in the reservoirs against the excessive demand; 
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so that, in order to avoid the complete mptying of the reservoirs, 
it has been necessary to resort o direct pumpage, under which the 
vile fluid of the Schuylkill was forced direct into the distribution, 
with not even the trifling benefit of sedimentation i  a reservoir. 
Prior ,to my administration, this was the normal condition with 
regard to the Spring Garden works, which supplied the major 
part of the city and pumped more water than all the other stations 
combined; but, just prior to my term, the Queen Lane pumping 
station and reservior had been constructed; and these enabled us 
,to reduce materially this serious nuisance. 
Besides the stations which drew directly from the rivers, there 
were several "high-service" stations, located in elevated positions 
and supplying limited and generally sparsely settled areas, lying 
at elevations too high to be supplied from the reserviors. Of 
these, the principal are those at Belmont, supplying Bala, etc. ; at 
Lower Roxboro, supplying Chestnut Hill; and at Wentz 
Farm, for the supply of Bustleton and Fox Chase. 
The Spring Garden pumping station, already mentioned as the 
largest, is so called from ,the fact that its nucleus (located in a 
building of Egyptian design and still standing) was built by the 
then outlying district of Spring Garden. The station now com- 
prises an upper and a lower house, the former containing about as 
remarkable a collection of curiosities, in pumping engine design, 
as I remember to have seen anywhere, outside of Cincinnati, O. 
From it issues, on the east, a most complicated net-work of large 
mains, which, of necessity, pass under the numerous tracks of the 
main line of the Philadelphia & Reading Railway, which runs 
close by the station. Breakages in these pipes have caused very 
serious damage to railway and to s,tation, washing quantities of 
gravel out from under the tracks and carrying it down into the." 
pump wells of the engines. 
Adjoining the Spring Garden station still stand the wooden 
sheds in which was located the city's first experimental fi tratiorr 
plant. 
A table below gives data respecting the several pumping sta- 
tions and reservoirs as they existed in 1898, and as they will be 
left by the changes now in progress. 
A visitor to our water works to-day naturally wishes first to 
see at least one of the four filtration plants now completed, or 
nearly so, as these constitute the novel feature; but, prior to their 
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construction, he was shown the pumps and the reservoirs, these 
being, in fact, about all that could be shown; and he was apt to 
come away with the impression that he had seen the water works, 
whereas really by far the greater portion of the works was under 
ground and tl~erefore out of sight. An estimate, made some ten 
years ago, of the cost of the then existing works, distributed the 
cost approximately as follows: 
Pumping stations . . . . . . . . . . . . . .  $4,000,000 
Reservoirs . . . . . . . . . . . . . . . . . . . .  6,000,000 
Distribution . . . . . . . . . . . . . . . . .  25,000,000 
Total . . . . . . . . . . . . . . . . . . . . . .  $35,°°o,o°° 
CONDITIONS IN  I898. 
In order properly to understand the recent extensions, consist- 
ing of and in connection with the filtration works, we must first 
take a glance at the conditions existing immediately before those 
works were begun. 
USE AND WASTE. 
Until recently the city's only means of determining the quanti- 
ties of water handled by the pumps was "plunger displacement." 
A revolution-counter recorded the number of strokes of each 
pump; and, knowing the dimensions of the plungers and the 
lengths of stroke, it was easy to determine the quantity which 
ought to be discharged at each stroke, and what each pump ought 
to be lifting. As a matter of fact, owing to defective valves, etc., 
the quantity actually lifted nearly always falls short of the theo- 
retical quantity, determined in this way; and a deduction is made, 
from the theoretical quantity, to cover this deficiency. In view of 
the dilapidated condition of many of the pumps, however, it is 
altogether probable that the deductions so made were insufficient, 
and the pumpage therefore xaggerated; possibly by as much as 
IO or 15 per cent. Making deductions for this, Fig. I may be 
taken as a fair indication of the growth of the city's water con- 
sumpt!on, between the years I86O and I897. The upper diagram 
represents he total pumpage, in gallons per day, and the lower di- 
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agram represents he number of gallons pumped per capita per day. 
It will be noticed that, in the thirty-seven years mentioned, the 
daily totalpumpage (estimated as above explained) increased 
from 20 to 257 million gallons, an increase of nearly 12oo per 
cent., and the per capita from 36 to 215 gallons, an increase of 
nearly 500 per cent. 
Market Street is IOO feet wide between house lines; and 250: 
ooo,ooo gallons would fill Market Street, to a depth of ioo feet, 
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trom the Delaware to 7th Street. The present daily consumption 
of about 32o,ooo,ooo gallons would extend from the Delaware to 
about 9th Street. 
Inasmuch as fifty gallons per capita per day has repeatedly been 
shown to be a very ample, supply, it might be supposed that our 
citizens, of that time, were deluged with water and complaining 
of the difficulty of getting rid of it, and that our pumps, if we had 
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chosen, might have been left standing idle more than half the 
time. 
I quote from my last annual report, that for 1898: 
"Our boilers and engines are strained to the utmost night and 
day, and in some cases disabled; there is no opportunity for thor- 
ough repairs ; we dare not stop pumping during seasons of muddy 
water; in spite of all manner of pitiful expedients we are com- 
pelled to cut off our reservoirs from the distribution in order to 
keep them from being entirely emptied; and from all sides come 
loud and well-grounded complaints from citizens who pay for a 
water supply but do not get it." 
The reason for this is indicated in Figs. 2 and 3, based 
upon actual and oft-repeated observations of the consumption of 
water in dwellings. Such an investigation of two intermediate 
streets, with 142 modern seven-room two-story dwellings, showed 
Fig. ~. Use and waste of water in Philadelphia 
that, of the water furnished to those dwellings, less than 14 per 
cent. was used, and more than 86 per cent. was wasted, a state of 
affairs indicated in Fig. 2. 
As nearly as could be judged from the then existing legislation 
respecting water meters, the Bureau of Water was forbidden to 
place water meters upon dwellings for the purpose of determining 
the amounts to be charged for water; but we could not find that 
we were forbidden to use these devices experimentally; so, after 
obtaining the consent of the occupants, we placed meters upon 
twenty dwellings, of different classes. As the use of these meters 
was purely experimental and did not affect the amounts of the 
water bills, the consumers were under no inducement to observe 
more than their usual care in their use of watm:. The result is 
shown in Fig. 3, viz.,that, of the twenty dwellings, sixteen con- 
sumed from 9 to 6o gallons per capita per day, averaging 33 
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gallons, while the remaining four consumed I42 to I8I gallons 
per capita per day, averaging 149 gallons. 
Figs. 4 and 5 illustrate, respectively, ( I )  existing conditions 
as deduced from the foregoing results, and (2) those which 
might be expected to follow from the general use of water meters. 
As indicated in Fig. 4, one person in every five is throwing 
away, unused, far more water than the other four consume, de- 
priving those four of their proper supply and compelling them to 
pay for the privilege of maintaining his useless waste. 
The water meter compels the one man in five to stop his wast- 
ing, saves the quantities wasted, and distributes them among the 
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other four, with the result indicated in Fig. 5, viz. : "reduction 
of bills and increased pressure ncourage the liberal use of water." 
This has been the experience, I believe, wherever the meter has 
been used. In all such cases, doubtless, the one man in five 'ex- 
postulates, upon the presentation of his first meter bill, and con- 
siders the meter an unmitigated nuisance and fraud; but the 
other four, when they grasp the situation, never fail to sustain 
the meter. The Mayor of Atlanta, Ga., wrote: "It was a fight, 
and a sharp one, at first, when we put in the meters and filters. 
Such, however, has been the effect of experience and education. 
with demonstration of success, that now I make bold to say it 
would not be merely a fight, but a revolution, if we attempted to 
abolish meters and filters." 
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But, in our community, as in most others where the meter is 
unknown, the utterly mistaken impression has got abroad that the 
meter is intended to restrict he use of water, whereas, as we have 
wllllllllllllll 
Fig. ,. Fig. 5. 
PRESENT CONDIT IONS.  WITH METERS.  
More than half the water pumped Reduction of bills and Increased 
Is wasted by less than one fifth of pressure encourage liberal use of 
the people, water. 
The three tall lines, tn Fig. 4, represent, by scale, the water consumptions of the few 
parsons, who, by wasting more than we use, deprive us of the full supply we pay for. 
In both figures, the short lines represent he water consumptions of the non-wasters. 
who are in a majority of at least four to one, but who allow the minority to rob them. 
In Fig. 5, these short lines are longer than in Fig. 4, because the water, at present 
wasted by the few, has been saved, by the meter, and given to the many. 
seen, its function is, on the contrary, to increase that use by cut- 
ting off mere waste and by thus rendering the supply, for use, 
more abundant. 
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One irate gentleman asked: "How can we waste what we do 
not get?" The real question was: "How could he get what the 
other man was wasting ?" 
Companies, seeking to capture the Philadelphia water supply, 
naturally harped upon our inability to meet the demand, and their 
engineers were not enthusiastic for the meter. With these ex- 
ceptions, I can recall but one waterworks engineer who op- 
poses the use of the water meter. So far as I know, he has the 
opposition fieht all to himself. 
Placed between the devil and the deep sea, between our ina- 
• bility to keep a sieve full, and the demand of the people that it be 
kept full and overflowing, and knowing that the water meter 
would quickly hring us from dark night into day-light, I naturally 
advocated its use. I knew that, with the meter, the capacity of our 
works would be practically doubled, and there would be plenty of 
water for all ; that the cost of filtration, or of bringing water from 
a distance, would be cut in two ; that, even without he adoption of 
means for purifying the water, the quality of that furnished would 
be at once improved (for pumping could then be stopped uring 
seasons of muddy or coal-dust-polluted water, and the water in 
the reservoirs would have longer time for sedimentation) ; that 
the minimum flow of the Schuylkill would once more greatly ex- 
ceed the city's maximum draft upon it, and that the improve- 
ment and development of the supply would be brought well within 
the city's own means. I knew that, in restriction of waste (not 
of usa), the city held, in her own hands, the key to the solution of 
her water problem, and that she required no assistance from the 
benevolent corporations which were seeking to relieve her of the 
the burden o.f her water works. 
But my advocacy of the water meter merely alienated the good 
graces of citizens who were agitating for improvement of the 
supply, and who, fearing the ignorant clamor and opposition sure 
to arise upon the mention of the word "meter," did what they 
could to suppress all mention of the subject. 
F ILTRAT IO N. 
The quality of the supply has been already discussed. For 
improvement in this respect, I urged filtration, rather than resort 
to distant sources, and asked that an experimental fi ter plant be 
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established atone of the smaller pumping stations oll the Schuylkill, 
and at the small Lardner's Point station, on the Delaware; these 
experimental p ants to be made up each of several units, repre- 
senting the best and most favorably known systems of the day. 
I was profoundly impressed with the facts that filtration was then 
in its il~fancy, and that ea,.'h river and each set of conditions is a 
law unto itself, requiring careful separate study and experiment, 
in order to ascertain the best method of treatment. 
This proposition met with but little if any more favor than the 
proposition to use meters. We were told that, if a beginning 
were made on one or two stations, without completing all simul- 
taneously, the unfiltered istricts would be up in arms; we were 
told that experiment would delay matters and that the entire work 
must be done as rapidly as possible, and we were asked whether 
filtration "had not passed the experimental stage." That was ten 
years ago, and it may be worth while to note, in passing, that 
the works are not yet completed, and that, although the Roxbor- 
ough and Belmont works have now been in use for four or five 
years, the rest of the city, though long supplied with raw water, 
has not yet risen in insurrection. 
There was nmch ignorant opposition to filtration in general, 
and the opposition has not yet died out. People still run about, 
saying that "they will never drink 'filtered filth,' " that "filtration 
may clarify water, but it does not purify," that "the bacteria in 
water can march, Iooo abreast, through the interstices between 
the grains in the sand filter," and that "Philadelphia will never 
have a proper water supply until she goes to the Delaware Water 
Gap for it." 
It is indeed true that the bacteria re so minute that armies of 
them can pass between the sand grains; and, for that reason, the 
water first passed through a freshly-cleaned sand filter is allowed 
to run to waste~it  is imperfectly purified ; but, as the water passes 
between the sand grains, bacteria nd organic matter are detached 
from the water and adhere to the sand grains. The upper por- 
tion of the sand layer thus soon teems with such matter, and, in 
this "Schnmtzdecke" (filth-cover) the purification takes place by 
means of chemical and bacteriological processes which are, I be- 
lieve, as yet only imperfectly understood; but it is perfectly well 
known that sand filtration, properly conducted, removes usually 
from 97 to 99 or more per cent. of the bacteria in the water, and 
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that its use is almost in\ariably attended by at very great reduc- 
tion in typh(fid and other water-borne diseases. 
A slow filter (See Fig. 8) is simply a bed ()f sand resting 
upon layers of coarser sand, gravel and br()keu stone. These in- 
crease in coarseness fr()n~ top to 1)ott().ln, the ()pen spaces, in each 
layer, being of c(mrse t<)() small t(> pass the solid particles ,>f the 
layer next above. The whole is nnderlaid by a svstem of drains, 
carrying ()ff tile filtered water. The raw water rests np(m tile 
sand above. In l)ractice, of course, many details and appurte- 
nances are required, especially for the prol)e:" regulation and re- 
cording of the fl(>\x through the filter. 
:ks ah'eadv remarked, the water, tirst passed through a freshly 
cleaned filter, is but imperfectly purified, and is therefore con> 
monly run to waste : the real lmrificatioa taking place in the upl)er 
portions of the sand bed, where a certain quantity <)f bacteria and 
other organic matter has been deposited by the water already 
l)assed. ]I1 a month (~r s() (the time varying with the character 
of tl~e water) the npl)er p~)rtion of the sand 1)ec<mles so clogged, 
by the material thus deposited within it, that it can no hmger pass 
tile water with suflScient rapidity. The top sand must then be sh<>v- 
eled off, removed fr()m the filter bed, and either wasted, or cleaned 
and replaced upon the filter bed, depending upon whether the 
supply of sand is s() abundant as to make wasting the m(>re eco- 
nomical process. In our case it is more economical to wash and 
replace it. The dirty sand is ren~ove(I from the beds 1)v means 
of hydraulic e.ject(~rs, and is washed in sand-washing courts l)v 
special apparatus provid~'d f()r the lmrpose. 
The rapid filter is o.ften called the "mechanical" filter, because, 
in it, tile washing of the sand (whicla is performed in the tilter 
itself 1)v reversing the 1t~)\\ ,)f water through the filter, and sel)d- 
ing it through nnder pressure), is often assited by rev()lving 
rakes, operated by machinery. In the rapid filter, a c(mgulant, 
usually alum ()r alumin~t sulphate, is commonly used. The alum 
is decomposed, the fl(~,cculent alumina settling sh)wlv thr(>ugh the 
water, carrying (l()\Vll with it the bacteria and <)ther organic im- 
purities. These filters give results fairly comparable with those 
given by slow filters, and at much higher rates, measured in gal- 
lons per day per unit of tiltering surface. They are in use in many 
places, with excellent results, although the necessity for the use ot 
coagulants, in order t( secure tile high rates ()f filtration, is gen- 
erally considered objectionable. 
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Formerly the rapid filter was always a cylindrical or nearly 
cylindrical wooden or steel tank, a form favorable to the operation 
of the revolving rakes; but. more recently, and notably at Little 
Falls, N. J., and at Harrisburg, Pa., the rapid filters are rectangu- 
lar in plan ; the revolving rakes are dispensed with ; and, in wash- 
ing the 1)ed, it is agitated by currents of compressed air, forced 
upward thr(>ugh it. It is proposed to use filters of this type as 
"scrul)bers" at Torresdale and at Oneen Lane. 
.<TATESMANStIIP. 
i ha\e menti<med the bene~<)lent corporalions (popularly 
known as "water snakes") which kindly came forward, in this 
hour of the city's distress, and graciously offered to lift ( for sub- 
stantial co llsiderations) this water works illcul)us. 
Among these stands out prominelatly the Schuylkill Valley \Vater 
C~)l]]I);tny, wD)se scheme was being victoriously rushed through 
C(mncils, when an exposure of bribery, on the lto()r of Councils, 
threw the fat in the fire, and the scheme passed silently fr<)m the 
gaze  ()f 111e11. 
That such a trifle could be made to defeat such a scheme shows 
that the harmony, which has since reigned in the "organization," 
had not vet been effected. On the contrary, Xlayor \\Tarwick's 
administration found itself opposed by this organization (they, 
()nlv a powerfv.1 "fact ion") ,  which decreed that all appropriations 
f()r water w(>rks improvement should be held up until this faction 
came into suprclne control. The result is seen in the following 
comparison] ~)f estimates for extensions and improvements, and 
the c()rresp<)ndinR" apl)ropriations : 
FOR EXTENSIONS AND IMPROVEMENTS. 
Estimates Approl)riations 
1;( )1" 1896 . . . . . . . . . . . . . . . .  $-},48q., 150 0 
lq)r 1897 . . . . . . . . . . . . . . . . .  3,339,45 ° 0 
]:()r ~898 . . . . . . . . . . . . . . . .  3,735,050 0 
\Ve were told that the city had reached the limit of her borrow- 
in,e, capacity. 
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"1'11!: NEW ERA. 
But, with the advent of Mayor Ashbridge, as the agent of the 
"orgmlization," in \pri l ,  Ig99, the scene shifted. Real estate 
values were re-assesqed, and it was am~ounced that the city c~mhi 
]w~rl'{)vv all tl~e 111OlleV needed for extensive improvements, 
T I lE  COMMISS ION OF i899. 
.XJayor Ashl)1idge called iu a c~mnnission, consisting of Messrs. 
Rudolph Hering, ~f New York; Samuel M. Gray, of Providence, 
R. I., and Joseph M. \\:ilson, of Philadelphia. The resolution of 
Councils, under which these experts were appointed, proxided that 
they were "to act in conjunction with the Director of the 1)epart- 
ment (~f I ',dl)lic V£orks, and the Chiefs of the P, ureaus of \Vater and 
Survey." Under Colonel William Ludlow, Chief Engineer of 
the \Vatcr Department, in 1883-5, Mr. Hering, with an able corps 
of assistants, had made a very exhaustive studv of the question o{ 
a supply of water from the Delaware Water Gap and other distant 
sources. In those days, the flood of light, since thrown upon fil- 
tration, had not been shed, and Mr. Hering was therefi~re quite 
justified in saying, in his final report, dated July, ~886: " * * 
nor wonhl filtering or 1)urifying the water of the Schuylkill ()r 
Lower Delaware give perlnanent satisfaction," and that "the ~mlv 
schemes worth investigating were those which l~ring t~ the city 
the water of runuin g streams in the SchuylI<flI, l)elaware, ,~v 
Lehigh watersheds." 
"l'he commission ,,f i899, like that of I883- 5, was of course 
given an ample c,~rps of assistants, and the entire summer of that 
year was devoted t,~ the wc~rk, inchulin R several all-night ses- 
sions on the part of Mr. Heriug. 
This commission fully re-considered the suhject of supply from 
a distant source, in the light ~f the surveys of T883-5, and recom- 
mended, as will be seen below, "the adoption of that project hv 
which the waters of the Schuylkill and Delaware Rivers, taken 
within the city limits, are purified by filtration." 
The report was accompanied by plans showing, in a general 
way, the locations and dispositions of the several works prol)~sed : 
hut the working out of details was of course left to the adminis- 
tration which should construct the works. 
380 7"rautw inc :  [J. F. I., 
'lThe following table shows, in concise form, the estimates of the 
conamission of 1999, of the c<~sts, for construction and for opera- 
tion, of distant SUl)plies and {)f a supply by filtration. The cost of 
operation is given in dollars per allntllll and in cents per I ooo gal- 
l01> delivered into reserv<)irs. It includes interest at three per 
cent. and depreciati~m : 
Gal lons per (lay 
~__  .__ 2co .ooo .coo__  450,000,oo0 _ _ _  
~(  ) l)crati(m--." " r~Ol /erat ion- . -~ 
Per  lO00 Pcr I000 
C~nlstruet 'n ; \nntlal  gal. Const ruc t 'n  A lmual  gal. 
Upper  Perkio- 
lllei1 and Leh igh  Cents  Cents  
R iver  tr ibutaries.$33,41o.eoo $*,2o5,0oo t.65 $66,74o,eoo $2,48o,ooo I,SZ 
Delaware,  near  
\Va ler  Gap . . . . . .  47.54o.ooo . . . . . . . . . . . . . . .  83A85,ooo :,925,0oo 1.78 
Slow f i l t rat ion. . .  Io.97,3.591 1,227,373 1.(,8 34,~54,(No 2,971,8Ol 1.8i 
Re fer r ing  t~, lhe,,,e es t imates ,  the  exper ts  say ,  in  the i r  " l -eStl l l l~ 
and  conc]us i (ms  :" 
"The  es l inmtcs  of eo~t have sh,~wn three iml)ortant  resul ts :  
(!) The  original c~st of any of lhe mounta in  water suppl ies is very great  
fl~r the large quant i t ies  of watcr which the city requires.  
(2) A filtered water supply can bc obta ined at a first cost  which in within 
the present  l)~,rn)wing capacity (~f the city, and the plant can bc operated at 
a cost which will u~,l cxcccd the probable  annual  net earni l lgs of the 
water works.  
(3) The total annual  cost ~,f de l iver ing the waler  into the city reserwdrs ,  
by ei lher method,  is ab~,ut lhe same.  and the annual  earn ings  will cover  the 
operat ion  alia extcnsi~..u. 
][i1 COllCltision V,c 1-CC(~IlU/lClI(I: 
U) The ad(q~ti~m of that 1,rt~jcct by which the waters  of the Schuy'lkill and 
Delaware River~. taken wilhin the city l imits, are purif ied by f i ltration. 
(2) Thc  immediate  imm~\en~em of th'e ex is t ing  !)lant, in accordance 
with the detai led rec~mmlcndati~:u~ ,,f our  report.  
"J'he neeessity f<,r thc scored  ,,f these recommendat ions  i mani fcst .  Our  
reasons  for the first are as f,,ll(~xx~: 
The  cul ire \viH'l<s c[tll l)e tmih f,}r a StllU which the city can s(.cllre at this 
t ime through a loan. 
A supply of pure water  fin" the ent ire city can :l)e obta ined within a com-  
parat ive ly  short  t ime. and the city can thus  at an early dlty 1)c protected  
aga inst  a cont inuance  of th,~se d iseases which are known to 1)c caused by 
the present  pol luted watcr  Sul)ply. 
A fi ltered water  supply,  under  skilful management ,  (~ffers a greater  
secur i ty  aga inst  the effects of accidental  pol lut ion of the v:atcr than  is 
poss ib le  when the Sill)ply is taken f rom ~q)cn. t;nprc:tecte~.l water e¢mrses. 
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Fi l trat ion can, w i thout  difficulty, bc made to render  the water  d~orou~hly 
who lesome.  
The two large r ivers at Phi ladelphia.  or even the De laware  River ahme,  
can furn ish at all t imes  a qtlalltity ~d water  suff icient for a very large city." 
I:ig. 6 is 1)lotted fl'~)lll the fl,regoing estimates of cost of fi]tr.q- 
tion. The estimates are, respectively, for a supply of 2oo,o0o,- 
(.,oo galhms per day, which the Commission considered "a very 
liheral all~w:_mce" for the populatioll (say ~,3oo,ooo) of that 
tilne, and flw a supply ~f 4-5o.ooo,ooo 2all<ma per (lay, which the 
(7~mmission believed w,~v, ld he required by a population (d 
3,ooo,ooo persons. 
[~l>,,n l:iq. (>. I have scaled the 1)r~>lml~le o~sts, fin- corlstrllc- 
I 
/"//)'liOnS Of 
do/z,,rs '~ 
2 
/ .% i 
{ '  e "° i 
x ".-'f,'* Co , o, 
i~  2oo 3oo ~1oo ~1~o 
Fi~. 6 Estimated ¢o~ts. for construction and for operat ion, of slow fiHration plants.  
fl~r Phi ladelphia ; from report of Commission ~i ~ ~09.  
ti~m and of operati~n, f w 4oo,ooo.ooo gallons per day (twice the 
snmller am~mnt omtemplated) :rod for 34o,ooo,ooo gallons per 
day (the capacity i,f the works as it is expected to be in ,9o9). 
The results fl,r 4oo,ooo,ooo gallons per {lay" show that, by 
&aft)ling the c(msUml)ti(m, we may expect o more than double the 
c,~st ~{ ol~erati~m, aml t~ c~msidcral)lv more than &ruble the cost 
{,f c~mstruction. 
The results flw 34o,ooo,ooo gallons per day show that, acc~wd- 
ing to the Commission's estimates, the cost of operation for the 
entire works next year sh(mld be about ~2,2OO,OOO, Of which the 
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"cost of filtering water" alone should be about $400,000, or a 
little over 18 per cent. of the whole. 
As nearly as we can judge, by scaling from the Commission's 
estimates, the entire cost of reconstruction, for the works as they 
will be in 19o9, and capable of handling 340,000,000 gallons per 
(lay, should have been about $24,000,000. As seen below, .the 
cost of work now finished or under contract, plus estimated 
cost of work not yet placed under contract, as given me by Mr. 
Fred. C. Dunlap, the present Chief of the Bureau of Water, 
amounts to about $-98,250,0oo. Considering that the new works 
are, in many respects, far more elaborate than .the Commission of 
I899 ventured to suggest, I regard these figures as indicating that 
the total cost has been considerably less than might properly have 
been expected for works of that capacity. 
In the body of their report the Commissioners aid: "We 
earnestly recommend the introduction of meters for the City of 
Philadelphia :" but, in their "r¢?sunl~ and conclusions," the meter 
was not mentioned, and the shortage of supply was attributed to 
"the lack of effective pumping machinery, and to the insufficient 
capacity of the distributing system." The works are planned for 
a consumption of 15o gallons per capita per day, or only 19 gal- 
lons per capita per day less than the Commission's estimate of the 
actual consumption at that time. 
The works have cost, for construction, and will cost for opera- 
tion, more than double what would have sufficed for a lavishly 
ample supply, and the people will nevertheless be on short rations. 
The building of works of such dimensions was in accordance 
with the expressed wish of Mayor Ashbridge, that the works 
might be made sufficient for the next fifty years. A layman can 
hardly be expected to conceive the rate at which the art of water 
supply is advancing, or the consequent folly of building for pos- 
terity, where, as in our case, there is no necessity for so doing. 
A great aqueduct is not easily enlarged, and it should therefore be 
built of a capacity considerably greater than is required by present 
needs; trot the ground, adjoining the Torresdale filter plant, is 
such that the plant may be increased, a bed or two at a time, as 
occasiou requires. There was therefore no excuse for building 
for posterity. It merely saddled posterity with a plant which it 
may not find the best for its needs. However, personal ambition, 
and the needs of contractors, cannot be expected to be always in 
harmonv with the best interests of the public. 
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For the immediate future, .the Commisison contemplated draw- 
ing from the two rivers as follows :
From the Schuylkill-- 
Gallons per day. 
At Belmont . . . . . . . . . . . .  27,ooo,ooo 
At Roxborough . . . . . . . . .  15,ooo,ooo 
At Queen Lane . . . . . . . . .  58,ooo,ooo 
At East Park . . . . . . . . . . .  5o,ooo,ooo 
From the Delaware-- 
At Torresdale . . . . . . . . . .  
150,000 000 
50,000,00o 
200,000,000 
The Commission recommended the abandonment o.f the Lard- 
ner's Point station, on the Delaware, and the building of a 5o,- 
ooo,ooo gallon station and filter plant at "['orresdale. 
It will be noticed that this distribution reduced the Schuylkill's 
proportion of the total supply from 9 ° to 75 per cent., and all 
future increase of the supply was to be taken from the Delaware. 
The turbine pumps at Fairmount were to be connected with the 
steam pumps at Spring Garden, for the relief of the latter when 
the stage of the river would permit. 
A rapid filter plant was to be established at East Park reser- 
voir, hut slow filtration was to be used for all the rest o,f the 
supply. 
\\;here practicable, the existing reservoirs were to be used for 
the sedimentation f the raw water, preliminary to filtration, ex- 
cept that a portion of their capacity was to be set apart for storage 
of filtered water. It was considered desirable that the raw 
water should have at least twenty-four hours for sedimentation, 
and that there should be stored a half-day's upply of filtered 
water. All filters and all reservoirs for filtered water were to be 
covered. 
At East Park filter plant, two twelve-million-gallon e gines 
were to be installed, to pump into the Queen Lane district. 
At Belmoaat, he old reservoir was to be used for sedimentation, 
and it was suggested that, with increase of population west 
of the Schuylkill, its capacity would have to be increased by the 
construction of a similar reservoir alongside of it. 
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THE ADOPTED PLAN. 
The plan, actually followed, differed radically, in several im- 
portant respects, fronl that recommended by the Commission of 
I899, but resembled it in the adoption of filtration and in the di- 
minution of the proportion of water taken from the Schuylkill. 
On the other hand, rapid filtration has been entirely discarded. 
The total capacity of the works, when completed, is expected to 
be 34o,ooo,ooo gallons per day, of which about one-third, or say 
115,ooo,ooo gallons, will be taken from the Schuylkill. 
The Fairmount works are to be abandoned; the East Park res- 
ervoir will be used for the storage of a reserve supply of raw 
water, and the Spring Garden punlping station will be kept in re- 
::erve and used when necessary for keeping up said supply. 
The Queen Lane station and reservoir, completed about I895 ,
are mlique in that they form a complete system in themselves; 
that they were built de uoz,o, and not in connection with, or even 
in proximity to, any other works; and that they have remained 
without additions. It was at one time proposed to remove its 
four pumps (as well as several others of the Schuylkill pumps) to 
the New Delaware station at Lardner's Point; but only one (a 
large Southwark engine from Roxborough, taken to the old 
Lardner's Point station) has been moved over, and the Queen 
Lane pumps are to remain where they are. 
Various fates have impended over the head of the Queen Lane 
reservoir. Immediately after its construction, it got into bad 
notoriety by leaking as soon as water was turned into it. This 
afforded a fine opportunity for the opposition newspaper, which 
bristled with awful cartoons, showing the water gushing in big 
streams from the structure. During my administration, 1895-9, 
it, like the Roxborough reservoir, was re-lined with asphalt, and 
its behavior has since been wlct)lly exemplary; but this did not 
prevent he chairman of the \Vater Committee of Councils from 
remarking, in Committee, a year or two later, that, if the Queen 
Lane basins had ever been made to hold water, he had not heard of 
it; and one of the patriarchs of Councils actually introduced a 
resolution looking to the abandonment of the reservoir and the 
utilization of the site for building lots. The experts of I899 
recommended a slow filtration plant, to, be placed on gromld just 
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north of the reservoir. This would have involved the destruction 
of the fine old Revolutionary Smith mansion, at which Wash- 
ington visited. This project was abandoned, and it was later 
again proposed to abandon the reservoir itself; but it is now in- 
tended to build preliminary and main filters over the north basin, 
the lower part of which is to be the clear-water basin. 
At Behnont, three new pmnps and additional boilers have been 
built, and the whole plant is enclosed in a fine new house. In con- 
nection with the Belmont filter plant, located practically as the 
conamission proposed, a large new reservoir, for sedimentation, 
has been built, and the old reservoir is used for storage of filtered 
water. Preliminary filters have been built. 
For I~oxborough, thc commission of 1899 proposed a filter 
plant in connection with the upper or larger reservoir only; bur 
filter plants, each with its clear water basin, have been constructed 
at both reservoirs, and four large new pumps, with new boilers 
and a new house, have been added to the pumping station at the 
river. 
As already stated, the commission of 1899 proposed a fifty- 
million-gallon pumping station and filter plant at Torresdale, and 
the abandonment of the old station at Lardner's Point; but a 
filter plant of sixty-five beds (fifty-five of which are shown in 
Fig. 7, with a combined filtering area of fifty acres, 
and I75,ooo,ooo gallons* daily capacity, has been finished 
at Torresdale; and the water, delivered by this plant to its clear- 
water basin, is thence conducted, by gravity, through a tunnel- 
conduit, IO feet 7 inches in diameter, IOO feet below ground and 
two and one-half miles long, to the new monster pumping station., 
built near the old pnmping station at Lardner's Point, which is'to 
be retained in service. 
Fig. 8 shows" this conduit (one of the most important fea- 
tures of the new plant) in plan and in profile, and, in profile, the 
6-ft. brick conduit." built by Latrobe in I8OO for the City's first 
water works. This old conduit carried the Schuylkill water from 
the first or Schuylkill pumping station, down Chestnut Street and 
up Broad Street, to the second pumping station, at Center Square. 
*The "scrubbers," or preliminary filters, shown in Fig. 7 and now 
approaching completion, are expected to raise the capacity to 24o,ooo,oo0 
gallons per day, as in the table below. 
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The profile shows the two structures to scale and at their relative 
elevations, and gives their dimensions, volumes and capacities. 
Both tmmels sloped upward, for convenience of flushing. In 
the Latrobe tunnel, the flow was by gravity, the slope of the water 
o~ 
--2 
o~ 
E 
c~ 
m~ 
.m 
e~ b-  
LL.I= 
surface, from 22d and Chestnut Streets to Center Square, of 
course producing the flow notwithstanding the slope of the axis 
of the conduit in the opposite direction. In the new tunnel con- 
duit, driven 1~ Mr. John W. Hill, then Chief Engineer of the 
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Bureau of Filtration, the flow is caused by the difference of ele- 
vation in the clear water basin at Torresdale and in the pump 
well at Lardner's Point. 
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Like the (~ueen Lane reservoir, Mr. Hill's tunnel at once found 
its way into notoriety through leakage. \~)hen this tunnel was 
emply, it was found that a good deal of water leaked into it; but 
the conditions were, of course, altogether abnormal. \¥hen 
the tunnel is in service, it is full of water under a pressure presum- 
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ably greater than that of the ground water outside, so that we may 
expect a small loss of filtered water, from the tunnel into the sur: 
rounding ground. The leakage mentioned occurred when the 
tunnel was emptied, and the ground water was forced into it by 
an unopposed external head of probably about Ioo feet. In view 
of this, and knowing SOlnething of the difficulty of making large 
structures watertight against heavy pressure, I could not con- 
sider the resulting leakage remarkable; but it was used, to good 
effect, bv some of the more active opposition ewspapers, and the 
matter made its appearance in court, where the bulk of the expert 
testimony ~)ffered pronounced the work excellent, confirming the 
impression which I had formed upon walking through it, at the 
invitation of, and in company with, Mr. Hill. 
Major Cassius E. Gillette, who succeeded Mr. Hill, drilled very 
many holes through the tmmel lining, and, through these holes, 
forced grout into whatever spaces had been left between that 
lining and the surrounding rock. I believe that this treatment 
materially improved the condition of the structure. 
The new pnml)ing station at Lardner's Point is perhaps the 
iargest on earth. When completed, it will contain twelve 
vertical ti'iple-expansion pumping engines, each of twenty million 
gallons daily capacity, pumping against a head of over 2oo feet, 
and supplied with steam by 26 boilers, including z 4 water-tube 
boilers, with mechanical stokers. The pumps and bo,ilers will be 
sheltered bv two great engine houses and two boiler houses, of 
uniform design, already finished. 
At Behnont, at both Roxboroughs and at Queen Lane, the raw 
water is delivered into the sedimentation basins directly by 
the high-lift pumps at the river; but at Torresdale a special low- 
lift pumping plant will lift the river water to the "scrubbers," 
whence it will flow to the filters, thence to the clear-water basin, 
and thence, through a short conduit and vertical shaft No. I, into 
the tunnel. At Lardner's Point it will rise, through shaft No. II, 
to the pump wells of the Lardner's Point pumps. 
From Lardner's Point, the filtered water will be sent, by direct 
l)umpage (unobjectionable, of course, with filtered water) into 
the distribution. The pumping mains are connected with a new 
reservoir at Oak Lane, but this, will serve merely as a stand pipe 
on the pumping mains, preventing rapid fluctuations of pressure. 
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PREL IMINARY F ILTERS.  
An important feature, in which the adopted plan differs from 
that of the commission of I899, is the introduction of preliminary 
filters or "scrubbers." 
The slow sand filter, used at all the Philadelphia works, is or- 
dinarily expected to work at a rate of between two and three 
million gallons per acre per day; but it has been found that, bv 
passing the water first through the relatively coarse filtering ma- 
terial of the scrubbers, and at a correspondingly rapid rate, before 
admitting it to the main filters, the capacity of the latter can be 
greatly increased at comparatively small expense, and the "scrub- 
bers" occupy only a small area of ground relatively to that re- 
quired for the main filters. 
At Lower Roxborough, a "scrubber" plant has been built for 
lhe Bureau bv Mr. P. A. Maignen, of this city. In it, the raw 
water passes vertically upward, first through a layer of large 
stones, then through layers of coke, broken into pieces of gradu- 
ally decreasing size, and finally through a bed of sponge. It then 
flows to the main filters. From time to time the sponges are 
washed in machiues of the type used in laundries. 
At the Behnont "scrubber," also built by Mr. l~{aignen, the 
water passes horizontally through beds of coke, and finally verti- 
cally through a bed of fine coke breeze. 
Both these "scruhber" plants are said to be giving excellent re- 
sults. 
For the "scrubbers" at Torresdale and Queen Lane, the Bureau 
proposes using rapid filters, of the rectangular type used at 
Little Falls, N. J., for water purification. The Torresdale "scrub- 
bers" will consist of I2o such filters. 
GENERAL ARRANGEMENT.  
The Philadelphia filters are all of the usual covered slow type; 
the roof being formed by flat groined arches, resting upon square 
pillars, the feet of which are connected by flat invert arches; all 
as shown in Fig. 9, which represents the construction at the 
Lower Roxlx)rough plant. 
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At Belmont and at Lower Roxborough, the water is forced, by 
the pumps at the river, from the river directly into the sedimen- 
.*ation reservoir, whence it flows, by gravity, through the follow- 
ing course :
(z) Sedimentation reservoir 
(:e) Scrubbers 
(3) Filters 
(4) Clear water basin 
(5) Distribution ; 
as indicated in Fig. Io, which shows a rude plan of the Lower 
Roxborough filter plant. 
At Upl)er Roxlx~rough, the capacity of the sedimentation res- 
ervoir is so great, and the sedimentation therefore so effective, 
that scrubbers have been omitted. 
Fig. 9. Vertical section of a slow filter bed, Lower I,~oxborough 
At Torresdale, the Commission of x899 proposed sedimenta- 
tion basins, close to the river. To these basins the river water 
was to be lifted directly by low-lift centrifugal pumps. The pres- 
ent design (Fig. 7) omits sedimentation basins and substitutes 
scrubbers. The clear-water basin is at a lower level than the dis- 
tribution, to which, of course, the filtered water could not flow 
by gravity. It is therefore conducted through the Torresdale 
conduit, two and one-half miles, to the Lardner's Point pumping 
station, which forces it directly into the distribution. The reser- 
Voir at Oak Lane serves merely as an enlarged stand pipe upon 
the pumping main from Lardner's Point. 
At Queen Lane, the system will have each of the five features 
mentioned above, and, in addition, low-lift pumps, raising the 
water from the sedimentation reservoir (the south basin of the 
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existing reservoir) to the scrubbers, which will be placed over the 
north basin of the same reservoir. 
The table, p. 392, gives, in concise form, a comparative state- 
ment of the approximate dimensions and capacities, and the func- 
tions, of the several pumping stations, reservoirs and filter plants. 
as they were in ~898, just before the inauguration of the era of ill- 
, /  
Fig. ~o. Sketch plan of Lower t~oxbornugh Filter Plant, showing progress of water 
from !~umps to distribution. 
tration, and as they are to-day, or will be when completed, prob- 
ably early during the coming year. The daily capacities of pump- 
ing stations and of filter plants, and the holding capacities of res- 
ervoirs, are stated in millions of gallons, to the nearest million. 
Under pumps, "to Fret reservr," etc., means "'Pumpi~zg to Fret 
reservoir," etc. 
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PUMPING STATIONS, RESERVOIRS AND F ILTER PLANTS,  
I898 AND 1908- 9 . 
(The approximate daily capacities of pumps and filter plants, and contents of res -  
ervoirs, are stated in millions of gallons, to the nearest million.) 
Plants. x898. 
Fairmount Pump'g Sta., 7 punlps, 33, 
to Fairmount Res. 
Fairmount Reservoir, 26, raw water. 
Sp. Garden Pump'g Sta., 9 pumps, I7O, 
to East Park Res. 
East Park Reservoir, 689, raw water. 
I9o8- 9. 
8 pumps, 15o, in reserve, 
to E. Park, as required. 
689, raw water. 
Belmont Pump'g Sta., 
George's Hill Reservoir, 
New Behnont Reservoir, 
Belmont Filter Plant, 
4 pumps, 38, 
to George's Hill Res. 
40, raw water. 
Queen Lane Pump'g Sta., 
Queen Lane Reservoir, 
4 pumps, 8o, 
to Queen Lane Res. 
383, raw water. 
Queen Lane Filter Plant, 
Roxboro'  Pnmp'g Sta., 3 pumps, 25, 
to Roxboro'  Res. 
Lower Roxboro'  Filter Plant, 13, raw water. 
Lower RoxSoro'  Reservoir, 
Upper Roxboro'  Reservoir, I47, raw water. 
Upper Roxboro'  Filter Plant, 
6 pumps, 67, 
to New Belmont Res, 
4o, clear water. 
75, sedi,mentation. 
Scrubbers. 
18 beds, 5o. 
4 pumps, 8o, 
to Queen Lane Res. 
South basin for sedi,mentation. 
North basin for clear water. 
Low-lift pumps, over N. basin. 
Scrubbers, over N. basin. 
22 beds, 8o, over N. basin. 
9 pumps, 52, 
to Roxboro'  Res. 
I3. sedimentation. 
Scrubbers. 
5 beds, IO. 
147 , sedimentation. 
8 beds, 15. 
Torresdale Filter Plant, 
Torresdale Conduit. 
Lardner's Pt. Pump'g Sta., 
Wentz Farm Reservoir, 
Oak Lane Reservoir, 
3 pumps, 42, 
to Wentz Farm Res. 
36, raw water. 
Low-lift pumps. 
Scrubbers. 
65 beds, 240. 
IOt7ttdiam., 2.5 miles long, car. 
ries clear water to Lardner',* I 
Point. 
16 pumps, 297, 
direct pump'ge, clear water. 
36, clear water. 
On pumping mains from 
Lardner's Point. 
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THE COST. 
The cost of construction, as given me by Mr. Fred. C. Dunlap, 
the present Chief of the Bureau of Water, is approximately as 
follows :
Work finished or under contract . . . . . . . .  $26,ooo,ooo 
Other work, estimated . . . . . . . . . . . . . . . .  2,25o,ooo 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $28,250,000 
This cost is divided apwoximately as follows : 
Delaware River . . . . . . . . . . . . . . . . . . . . . . .  $I4,25o,oo0 
Schuylkill River . . . . . . . . . . . . . . . . . . . . . .  7,000,000 
Distribution system . . . . . . . . . . . . . . . . . . . .  5,500,000 
Repairs to pumping stations . . . . . . . . . . . . .  1,5oo,ooo 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $28,250,000 
CAPACITY. 
The consumption, in 19o7, as deduced from plunger displace- 
ment, was about 3o0,o0o, ooo gallons per day. The works, when 
completed, will have a capacity of 340,000,000 gallons per day, 
probably rather less than the increased demand of that time. 
These 34o,ooo,ooo gallons would be ample for a population of five 
million persons, but they.will prove a scant supply for our one and 
one-half millions, because our people prefer to be robbed by a 
small minority, which wastes far more that the decent majority 
uses. 
COMPLETION.  
The Roxborough works, supplying 25,000,000 gallons daily, 
have been furnishing filtered water since 19o 3 ; and the Belmont 
works, 40,o00,0o0 gallons* daily, since 19o 4. The Torresdale 
works are now supplying about 1 lO,OOO,OOO gallons daily to the 
northeastern portion of the city. The central portion of the city, 
still supplied with raw water, may be said to be bounded by the 
*With scrubbers, 5o million. 
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two rivers, by Spring Garden Street, east of Broad Street, and 
t,y .\llegheny Avenue west of Broad Street. 
It is expected that the Torresdale works will be finished during 
the current year, and the Lardner's Point plant in 19o9, or about 
ten years after the inauguration of Mayor Ashbridge. The work 
for Queen Lane reservoir is not yet under contract, and no time is 
set for its completion. 
For information respecting changes made since my resignation 
from the Water Bureau in 1899, I am indebted principally to the 
present Chief of the Bureau, Mr. Fred. C. Dunlap. 
THE BORAX INDUSTRY IN 19o6. 
The entire, output of borax in the United States is derived from San 
Bernardino, Inyo,  and Ventura counties, California, and up to and includ- 
ing I9o6 the greater part of it has come from San Bernardino County. 
Until 19o3, the annual statistics of production collected by the United 
States Geological Survey were based on the quantity and value of the re- 
fined product, but since then crude borax has been taken as a basis, as the 
prepared borax is essentially a manufactured product. The quantity of 
crude materials mined (borate of lime or colemanite), with varying rich- 
ness of boric acid, is readily ascertained, and the value of the crude material 
is therefore calculated according to the percentage of boric acid it con- 
tains. 
The total output of crude borax for the year I9O6 was 58,I73 short tons~ 
valued at $I,I82,4IO. as against 46,33a short toms, valued at $I,m9,I54, in 
19o5, an increase in I9O6 of 11,839 short tons in quantity and of $I63,256 in 
value. The i,mports of borax, boric acid, and borates into this country in 
19o6 were valued at ~52,979, an increase of $2o, I79 over the value of the 
imports for I9O5, which amounted to $32,800. 
The cost of crude borax varies materially with different producers, ow. 
ing to local conditions, length of haul to railroad, etc. Some of it is also 
semi-refined before shipment and subsequently fully refined at points far 
distant from those of production. 
Statistics of the production of borax in the United States in I9o6, pre- 
pared by Charles G. Yale, are published by the United States Geological 
Survey in an advance chapter from "Mineral Resources of the United 
States, Calendar Year I9O6," which is now ready for distribution. 
